The Melon Necrotic Spot Virus is the cause of a serious disorder in greenhouse melon crops. The symptoms are chlorotic or necrotic spots in leaves, necrotic streaks in stems and occasionally plant death. In nature the virus is transmitted by the fungus Olpidium radicale (=O. bornovanus), whose resting spore preserves it in the soil for years. To prevent virosis in subsequent years it is then necessary to eradicate this type of conservation structures from contaminated soils or substrates. The objective of the experiments was to study the effects of solarization and sodium hypochlorite disinfection of the growth medium on O. 
INTRODUCTION
Cucurbits are a major crop in Spanish horticulture. Melon, cucumber and watermelon are among the 6 most important crops in terms of yield. Melon was in year 2000 second in importance with 1.070.000 t, watermelon the fifth with 717.000 t and cucumber 417.000 t (M. A.P.A., 2003) . Only in Andalusia the estimated area planted with melon, watermelon and cucumber were 11.160, 9770 and 5220 has. respectively (Anonymous, 2000) .
Virus-induced diseases are among those with the highest incidence on cucurbit greenhouse crops. In particular the Melon Necrotic Spot Virus (MNSV) is the origin of serious damage to melon protected crops along the Mediterranean Spanish coast (Cuadrado et al., 1993; Luis-Arteaga, 1994) and has also been detected in watermelon and cucumber protected crops (Cuadrado et al., 1993; Luis-Arteaga, 1994; Sáez et al., unpublished data) . The most important epidemiological character of this virus is its transmission by the soil fungus Olpidium radicale (=O. bornovanus) (Tomlinson and Thomas, 1986; Campbell, 1996) , which seems to be pathogenic in itself (Gómez, 1993; Campbell and Sim, 1994) . Besides the transmission by O. radicale, seed transmission of MNSV has also been described (González-Garza et al., 1979; Avgelis, 1985) , which seems to be assisted by the fungus (Campbell et al., 1996) .
One of the MNSV-control methods consists of the introduction of genetic resistances found in melon, which are controlled by a single recessive gene (Coudriet et al., 1981) . A second method is the grafting on non virus-host stocks (e.g.: Cucurbita ficifolia) although its use, besides the economic costs, seems to be limited by the excessive vigour of the plants. Vector control can also be realized by soil disinfection, rockwool steaming (in soilless culture) and using wetting agents (e.g. alkyl phenol ethylene oxide) as additives in nutrient solutions to eliminate the zoospores of the fungus (Luis-Arteaga, 1994) . The outcome of these practices of vector control are variable , and are all associated to high economical and/or environmental costs.
The objective of the experiments was to study the effect of different disinfection methods of the growing medium against O. radicale.
MATERIALS AND METHODS
Two experiments were conducted at CIFA Almería on summer 2001 and 2002. The growing medium was perlite "B-12", wrapped in polyethylene bags of 120x20x20 cm, with an approx. volume of 45 L and containing roots infected with MNSV carrying O. radicale cysts. Roots were obtained from a previous cucurbit crop which was inoculated with a virus carrying bulk isolate of O. radicale. Experiments were conducted in two greenhouses: a 275 m 2 single span greenhouse with metal structure and a 800 m 2 two span greenhouse, both with a maximum height of 4.5 m, a PE 200 µm cladding and ridge running E-W. Two tanks of 14 and 25 m 3 were used to prepare the nutrient solution in both greenhouses, respectively. The nutrient solution was applied by means of a pump and timers, drippers and micropipes. Fresh water, with an EC of 0.5-0.6 dS m -1 , was used for irrigation, and dosage was calculated to maintain leaching fractions close to 20% and a EC of the drainage solution not higher than 5.0 dS m -1 . Open air temperatures were registered at the CIFA "La Mojonera-La Cañada" Meteorological Station, located 20 m from the greenhouses; temperatures of the solarized and non-solarized perlite bags were measured with PC108 thermistors and data were registered in a datalogger (CR10-X; Campbell Scientific Ltd, UK).
In 2001, the experimental design was a randomised complete block design with four treatments and replications. Treatments were: 30 days solarization, 60 days solarization, sodium hypochlorite (40 g of active Cl per liter) and non-solarization. Solarization was conducted saturating the perlite bags with water, covering them with a 50 µm transparent PE film and sealing the side openings of the bags with the underlying ground gravel. Solarization started the 2 nd of July, 2001 and finished, in the 60 days solarization treatment, the 3 rd of September, 2001. The bags treated with sodium hypochlorite were saturated early in July with a 3000 ppm solution. In order to evaluate the efficiency of the different treatments after the solarization period, melon seeds cv. Gallicum were sowed in the perlite bags. Besides, a O. radicale inoculated control and a non-inoculated control in new growing bags were included in the experiment. Each individual plot included 18 plants, 6 plants per bag. Sowing date was the 17 th September and plants were weekly monitored until the 29 th September to detect the presence of possible MNSV symptoms. When the experiment was finished, serological analysis of the plant hypocotyl samples was conducted to detect the presence of MNSV; roots were also observed under optical microscope for the same reason.
In 2002, the experimental design was a randomised complete block design with 3 treatments and 4 replications: 30 days solarization, 60 days solarization and a nonsolarization control. A special 40 µm PE film (Sotrafilm tricapa ® ) was used for solarization, which started the 12 th of July. To evaluate the efficacy of the treatments three substrate samples were collected per treatment and block on the following dates: 30 days after start of solarization in non-solarization and 30 days solarization treatments, and 60 days after start of solarization in all treatments. Subsequently, a bioessay in a growth chamber was conducted to detect O. radicale by sowing watermelon seeds cv. Sugar Baby in 300 cc containers filled with a mixture of the collected samples and vermiculite. Five watermelon seeds, sowed in five containers filled with a mixture of vermiculite and dry roots infected with a bulk watermelon isolate of O. radicale, were used as inoculated control. Besides, five watermelon seeds sowed in five containers filled with a sterilized (120ºC and 30´) mixture of vermiculite and infected roots were used as non-inoculated control. Plants grew 60 days with 25º/18ºC day/night temperature and a 14 hour photoperiod; then serological analysis of the plants and observation with optical microscope were conducted to detect the presence of MNSV and O. radicale respectively.
RESULTS AND DISCUSSION
In the year 2001, the average temperature differences observed between solarized and non-solarized growing bags oscillated between 1.7 and 7.4 ºC, being these differences minimum at solar noon (12:00) and maximum at 21:00 hours (Fig. 1a) . The substrate temperature records of the first 43 days under solarization show that treatments 60 days solarization, 30 days solarization and non-solarization accumulated 1629 1542 and 1433 degrees day, respectively (Fig. 2) . At the end of the experiment with melon plants, Olpidium radicale was detected in a high percentage of root samples from plants of the treatments 30 and 60 days solarization, non-solarization, sodium hypochlorite and inoculated control. On the contrary, the fungus was not detected in roots of plants growing in non inoculated new 433 bags. The results show that neither solarization nor treatments with sodium hypochlorite were effective to eradicate O. radicale from the substrate bags under the experimental conditions. Mosaic Necrotic Spot Virus was detected likewise in 8.3, 13.9, 27.8, 47.2 and 38.9% of the plants growing in 30 and 60 days solarization, non-solarization, sodium hypochlorite and inoculated control treatments, respectively. MNSV was not detected in plots with noninoculated new bags. Although the resulting percentages were not very elevated or homogeneous in the different blocks, they support the results obtained in the detection of O. radicale and show the low efficacy of the adopted disinfection methods.
In year 2002, the average temperature differences observed between solarized and non-solarized growing bags oscillated between 3.8 and 5.0 ºC, being minimum at 10:00 and maximum at 17:00 hours (Fig. 1b) . The substrate temperature records during the disinfection experiment show that treatments 60 days solarization, 30 days solarization and no solarization accumulated 2529, 2410 and 2299 degrees day, respectively. At the end of the experiment with water melon plants, Olpidium radicale was detected in root samples of plants growing in containers filled with roots from the 30 days solarization and nonsolarization treatments, collected 30 days after solarization start. Likewise, the fungus was also detected in the roots of 50% of the plants growing on containers including roots from 30 days solarization bags, and in the roots of 91.7% of the no solarization substrate bags, collected 60 days after the start of solarization. On the contrary, the fungus was detected in none of the plants growing on those containers with roots from bags of 60 days solarization and non inoculated control treatments. The serological analysis of MNSV showed no positive results for any of the plants, except one of the non inoculated control.
The results obtained in the bioessay show the preservation of O. radicale and MNSV in the growing bags (perlite) during the summer season, and the low efficacy of a 30 days solarization and sodium hypochlorite treatment at the applied concentration to control O. radicale. The efficacy of a 60 days solarization was variable, since only in 2002 was able to eradicate the fungus from the substrate bags. The observed differences between both experiments could be due to, besides other factors like the different greenhouses and solarization PE films used in both experiments, a.o., the different accumulated substrate temperatures (ºC day) during the solarization process in both years (Fig. 2) ; which seem to be related with the different registered open air temperatures (Fig. 3) . 
